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FOREWORD 


This  work  was  performed  for  and  funded  by  the  Naval  Electronics  Svstem 
Command.  The  work  was  conducted  under  a  test  regime  set  forth  bv  NAVSKA 
INSTRUCTION  9310.  lA.  The  purpose  of  the  tests  performed  was  to  determine  if.  tin 
Multi-Order  Gradient,  Noise  Cancelling  Microphone  containing  one  Panasonic  BR-...; 
cell  was  safe  for  fleet  use. 
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I  LI.l'STRATIONS 


BR-7A  PLACEMENT  IN  THE  -87  CELL  CASE  . 

WIRING  OF  THE  MULTI-ORDER  GRADIENT,  NOISE-CANCELLING  MICROPHONE 

FOR  VARIOUS  TESTS . 

CELLS  HEATED  IN  AIR,  HELIUM,  AND  OXYGEN  ALONG  WITH  A  GAS 

COLLECTION  VESSEI . 


PLOT  OF  VOLTAGE  AND  TEMPERATURE  AS  FUNCTIONS  OF 
TIME  FOR  A  BR-7.A  HEATED  IN  AIR . 


PLOT  OF  VOLTAGE  AND  TEMPERATURE  AS  FUNCTIONS  OF 

TIME  FOR  A  BR-‘A  HEATED  IN  HELIUM . 

PLOT  OF  VOLTAGE  AND  TEMPERATURE  AS  FUNCTIONS  OF 

TIME  FOR  A  BR-‘a  HEATED  IN  OXYGEN . 

SHORT  CIRCUIT  DATA  FOR  FIRST  BR-',A  CELL  IN  MICROPHONE. 
SHORT  CIRCUIT  DATA  FOR  SECOND  BR-'.\  CELL  IN  MICROPHONE 


CHARGING  DATA  FOR  FRESH  BR-  .A  CELL  IN  MICROPHONE 


DISCHARGE/CHARGE  DATA  FOR  BR-.A  CELL  IN  MICROPHONE 


DATA  FOR  FIRST  BR-..A  CELL  FORCE  OVERDISCHARGED  IN  MICROPHONE  . 
DATA  FOR  SECOND  BR-',A  CELL  FORCE  OVERDISCHARGED  IN  MICROPHONE. 

DATA  FOR  HEATING  A  BR-^A  CELL  IN  MICROPHONE . 

A  HEATED  MICROPHONE  UNIT  WITH  THE  VENTED  BR-'.A  CELL  EXPOSED.  . 


DATA  FOR  HEATING  A  SECOND  BR-,,A  CELL  IN  MICROPHONE 


TABLES 


COMPLETE  MASS  SPECTRO.METR  IC  ANALYSIS  OF  THREE  SAMPLES 

TAKEN  AFTER  VENTING  WITH  COMPOSITION  GIVEN  IN  MoI.E  PERCENT 
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CHAPTER  1 
INTRODUCTION 


The  Vought  Missiles  and  Advanced  Programs  Division  of  LTV  Aerospace  and 
Defense  Company  is  developing  an  NC-106  Multi -Order  Gradient.  No i sc  -  Canoe  1 1 i ng 
Microphone  (MONCM)  under  U.S.  Navy  Contract  NOO0  39 - 8 3 - C - 00 38 .  The  unit  is 
designed  to  be  worn  bv  the  user  so  that  the  microphone  is  just  in  front  of  the 
user's  face.  The  MONCM  requires  an  internal  power  source  that  will  continuously 
supply  3  volts  (V)  at  90/iA  for  IP  months.  Vought  has  proposed  the  use  of  a 
1 i thium/pol y -carbonmonof 1 uor i de  cell  to  provide  the  required  energy.  The 
operating  temperature  range  of  the  unit  is  -T0oc  to  /1°C.  The  boom-mount  •  d  MoNC 
is  constructed  of  I.EXAN  plastic  manufactured  !>y  General  Electric.  The  grade  of 
LK.XAN  used  for  the  MONCM  is  I.EXAN  la  1  .  a  medium  viscosity  pol  veurbon..:  e  resin 
rated  by  the  manufacturer  to  he  dimensional  ly  stable  up  to  1  .’1  0. 

At  the  request  of  the  Nava  1  Electronics  System  Command ,  the  Naval  Surf  am 
Weapons  Center,  White  Oak  (NSWC/WOt.  tested  the  MONCM  undt  r  the  regime  spec i 1 i ed 
in  NAVSF.A  INSTRUCTION  ‘>310. 1 A  in  order  to  cha  rac  t  e  r  i  ::«•  the  behavior  of  tin-  svste 
when  the  lithium  cell  was  subjected  to  abuse.  The  test  ilat  a  uhtaiind  provide  :h 
basis  for  a  recommendation  as  to  the-  unit's  safety.  The  units  listed  contained 
single  Panasonic  BR-.-.A  cell.  Figure  1  shows  the  placement  of  the  HR-  .A  in  t  he 
MONCM  unit.  Ttiis  cell  is  a  lithium  po  1  v- carbonmonof  1  uor  i  de  cell.  Pan.ison  i  c 
specifications  for  the  BR-?A  give  a  temporal  ure  opera!  in,;  range  of  •  •«(>  V  to  8  P  C 
The  nominal  capacity  of  the  ce 1 1  is  630  mill i ampere -hours  t  mAh  >  and  the  maximum 
continuous  drain  rate  is  1P0  mi  1  1  i -amperes  (mA).  The  non-in,!  voltage  of  the  e<  1 
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CHAPTER  2 
EXPERIMENTAL 


CELL  TESTING 

Three  cells  were  heated  to  temperatures  of  approximately  500°C.  Each  cell 
was  heated  inside  a  pressure  vessel  containing  a  different  gaseous  environment 
(air,  helium,  and  oxygen).  Gas  samples  were  taken  from  the  pressure  vessel  and 
analyzed  by  the  National  Bureau  of  Standards  ( NBS )  using  mass  spec t roinr t r i c 
methods.  The  open  circuit  voltage,  as  well  as  the  external  cell  can  temperature 
of  each  cell,  was  monitored  during  heating. 

Heating  in  Normal  Atmosphere  ( Air) 

A  fresh,  single  BR-^A  cell  was  wrapped  with  THERMOLYNE  BRISKHEAT  flexible 
electric  heating  tape.  The  cell  was  heated  in  a  pressure  vessel  until  venting 
occurred.  At  this  point,  a  gas  sample  was  taken  from  the  pressure  vessel  and 
labeled  as  Sample  **1 .  Heating  of  the  cell  continued  until  incinerat  ion  occurred, 
then  another  gas  sample  was  taken  and  labeled  as  Sample  »2 . 

Heating  in  an  Atmosphere  o f  He  1 ium 

A  fresh  BR-yA  cell  was  wrapped  with  heating  tape  as  before  and  placed  in  a 
pressure  vessel  containing  a  helium  atmosphere.  The  cell  was  heated  until  venting 
occurred;  at  which  time,  a  gas  sample  was  taken  and  labeled  Sample  “3.  The  cell 
was  further  heated  until  it  had  been  incinerated;  another  gas  sample  was  taken  at 
this  point.  This  sample  was  labeled  as  Sample  »4 . 

He a t i n g  in  an  Atmos phere  of  Oxyge n 

A  third  fresh  BR-^-A  cell  was  wrapped  with  heating  tape  and  placed  in  a 
pressure  vessel  containing  an  atmosphere  of  oxygen.  The  cell  was  heated  until 
venting  occurred;  at  which  time,  gas  Sample  »5  was  taken.  Gas  Sample  *6  was  taken 
after  incineration  of  this  cell. 

SYSTEM  TESTING 

Tests  were  performed  on  the  BR-^A  cell  installed  in  a  MON'i'M  unit  to  observe 
the  effects  of  cell  failure  under  abuse  at  the  systems  level.  These  tests 
involved  short  circuit,  charging  a  fresh  cell,  charging  a  discharged  e,  1 1  .  torced 
overdischarge  of  two  fresh  cells,  and  heating  MONCM  units  containing  Irish  cells 


L,tll*U<llafLi,iy(,iS!ill,A>Aa  U!kl*kl^U1i*Lil,kJSWlWIlMW4k>i 
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Short  Circuit  Test 


A  BR-jA  cell  was  installed  in  a  MONCM .  Holes  had  been  previously  drilled  in 
the  unit  near  each  pole  of  the  cell.  Leads  were  connected  through  these  holes  to 
the  cell  for  voltage  and  current  monitoring  by  a  FLUKE  DATALOGGER.  The  holes  were 
then  sealed  with  HYSOL  EPOXY.  A  thermocouple  was  placed  on  the  -87  cell  case  to 
monitor  temperature.  The  cell  leads  were  shorted  for  one  hour.  The  resistance 
through  the  circuit  was  .0001Q. 

A  second  fresh  BR-^A  cell  was  installed  in  a  MONCM  unit  and  fitted  with 
monitoring  leads  as  before.  An  additional  thermocouple  was  added  to  the 
arrangement  by  inserting  it  through  one  of  the  drilled  holes  and  placing  it  on  the 
can  of  the  BR-^A  cell.  The  cell  was  shorted  for  80  minutes.  The  MONCM  unit  is 
pictured  in  Figure  2. 

Charging  a  Fresh  Cell 

One  fresh  BR-^-A  cell  was  installed  in  a  MONCM  unit  and  leads  were  attached, 
as  above,  in  order  to  monitor  voltage  and  current.  Thermocouples  were  also 
attached  as  in  the  previous  test.  This  cell  was  then  charged  at  the  1  ampere  (A) 

rate  for  103  minutes,  using  a  constant-current  power  supply.  The  cell  was  charged 

so  that  it  would  receive  150%  of  the  manufacturer  rated  capacity. 

Charging  a  Discharged  Cell 

A  fresh  BR-yA  cell  was  installed  in  the  MONCM  unit  with  leads  attached  as 

before.  The  temperature  of  the  cell  can  was  also  monitored.  The  cell  was 

discharged  through  6Q  at  the  500mA  rate  for  45  minutes.  Fil'tv  percent  of 
the  rated  capacity  was  removed.  The  system  was  allowed  to  incubate  at  room 
temperature  for  seven  days.  After  the  incubation  period,  the  cell  was  charged  at 
the  1A  rate  for  45  miniates.  This  charge  returned  the  cell  back  to  its  original 
capacity  and  then  added  an  additional  50%  beyond  the  original  capacity. 


Forced  Overdischarge  of  Two  Cells 

Two  fresh  BR-^A  cells  were  force  overdischarged  in  MONCM  units  at  the  500mA 
rate  through  6Q.  The  cells  were  discharged  to  0  volts  and  then  driven,  with  a 
power  supply,  150%  into  voltage  reversal.  The  voltage,  current,  and  thermocouple- 
temperatures  were  monitored  as  they  were  on  previous  MONCM  units  with  one 
exception;  only  the  thermocouple  on  the  cell  can  was  monitored. 

Heating  MONCM  Units  Containing  Fresh  Cells 

Two  tests  were  conducted  as  follows.  A  fresh  BR-^A  cell  was  inserted  in  the 
MONCM  and  voltage,  current,  and  temperature  monitoring  leads  were  attached.  The 
MONCM  was  wrapped  with  THERMOLYNE  BRISKHF.AT  flexible  electric  heating  tape.  Heat 
was  applied  to  the  unit  until  incineration  occurred. 

Data  for  the  tests  performed  were  collected  with  a  Fluke  2240B  Datalogger  at 
NSWC /WO . 
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CHAPTER  3 

RESULTS  AND  DISCUSSION 


The  following  discussions  giv,.  the  results  of  tests  described  in  Chapter  2. 
CELL  TESTING 

Cell  testing  consisted  of  heating  Panasonic  BR-^A  cells  in  gaseous 
environments  to  temperatures  around  500°C.  The  cells  were  heated  so  that,  each 
vented  and,  after  further  heating,  was  incinerated.  Gas  samples  were  taken  of  th 
venting  products  and  incineration  products.  The  NBS  analyzed  the  six  samples  by 
mass  spectrometr ic  analysis.  Figure  3  shows  a  gas  collection  vessel  and  the  thro 
incinerated  cells. 

Heating  in  Normal  Atmosphere  (Air) 

As  can  be  seen  in  Figure  4,  venting  of  the  cell  occurred  approximately  19 
minutes  into  the  test  at  which  point  a  gas  sample  (Sample  «1)  was  taken  as 
indicated  by  *1 .  The  temperature  at  this  point  was  about  240°C.  Heating, 
continued  until  the  cell  was  incinerated  with  temperatures  exceeding  300  C.  A  ga 
sample  (Sample  =2)  was  taken  after  the  cell  was  incinerated  as  indicated  by  * 2  in 
Figure  4.  Table  1  gives  the  composition  in  mole  percent  of  venting  gases  as 
reported  by  NBS.  The  venting  products  (Sample  =1)  present  no  health  hazard  to 
personnel.  Most  of  the  components  in  this  sample  are  merely  constituents  of  air. 
The  components  of  gas  Sample  «2.  taken  after  burning  of  the  cell,  were  not 
identified  by  the  NBS  because  of  the  complexity  of  the  spectra  and  the-  inability 
to  identify  the  source  of  higher  mass  fragments. 


TABLE  1.  COMPLETE  MASS  SPECTROMETRIC  ANALYSIS  OF  THREE  SAMPLES  TAKEN 
AFTER  VENTING  WITH  COMPOSITION  GIVEN  IN  MOLE  PERCENT 


COMPONENT 

SAMPLE 

*1 

3 

»2 

- 

0.1 

0. 1 

He 

- 

99 

0  .  i 

N’ 

79 

0 . 4 

0  .  1 

°2 

19 

- 

O'J 

Ar 

n.  i 

- 

0  .  1 

CO  a 

0. 1 

O  .  1 

u ,  1 

HC( 26 ) 

0.01 

0 . 04 

0.0  > 
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Heating  in  an  Atmosphere  of  Helium 

Alter  25  minutes  of  heating  the  BR-yA  cell  in  a  helium  atmosphere,  a  venting 
occurred.  A  gas  sample  (Sample  #3)  was  collected  as  indicated  by  *3  in  Figure  5. 
The  temperature  of  the  cell  at  this  point  was  about  200°C,  and  the  voltage  had 
dropped  to  less  than  ,5V.  Heating  continued  until  the  battery  was  incinerated;  at 
which  point,  gas  Sample  #4  was  taken  as  indicated  by  the  *4  in  Figure  5.  As  Shown 
in  Table  1,  Sample  #3  consisted  mostly  of  He  (99%);  there  were  no  toxic  amounts  of 
harmful  gases  present.  Gas  Sample  #4  was  analyzed,  but  because  of  the  complexity 
of  the  spectra  and  the  inability  to  identify  the  source  of  higher  mass  fragments, 
the  compounds  could  not  be  identified. 

Heating  in  an  Atmosphere  of  Oxygen 

A  BR  yA  cell  was  heated  in  an  oxygen  atmosphere  to  about  225°C,  at  which 
point  the  ceil  vented.  A  gas  sample,  labled  Sample  #5,  was  taken  as  indicated  by 
*5  in  Figure  6.  The  cell  was  further  heated  until  it  was  burned.  At  inc inerat ion 
the  highest  temperature  measured  was  about  525°C.  In  Figure  6,  *6  indicates  the 
point  at  which  the  incineration  gas  sample  was  taken.  Gas  Sample  =5  consists 
mainly  of  oxygen  (99%) .  There  were  no  toxic  amounts  of  harmful  gases  present  in 
the  sample.  NBS  reported  that  specific  compounds  in  Sample  »6 ,  as  in  the  other 
incineration  samples,  could  not  be  identified  because  of  its  complex  spectra  and 
the  source  of  higher  mass  fragments. 

SYSTEM  TESTING 

The  following  safety  tests  were  conducted  on  BR-yA  cells  that  were  installed 
in  a  MONCM  unit  which  utilizes  a  single  cell. 

Short  Circuit  Test 

In  separate  tests,  two  BR-yA  cells  were  shorted  in  a  MONCM  unit.  Data  for 
voltage,  current,  and  -87  cell  case  temperature  during  the  first  experiment  are 
presented  in  Figure  7.  The  temperature  peaked  at  41°C  12  minutes  into  the  test.. 
The  BR-yA  cell  did  not  explode  or  vent  during  the  test..  At  the  conclusion  of  the 
test,  no  change  in  appearance  of  the  cell  could  be  observed;  no  elect rolvte 
leakage  was  observed. 

The  second  BR-yA  cell  shorted  was  fitted  with  two  thermocouples;  one  on  the 
-87  cell  case  and  one  on  the  cell  can.  The  data  are  given  in  Figure  8.  The 
temperature  of  the  -87  cell  case  peaked  at  3?°C,  1?  minutes  after  shorting  began; 

the  temperature  of  the  cell  can  peaked  at  50°C,  10  minutes  after  shorting  begun. 
This  cell  did  not  explode  or  vent  during  the  test;  upon  examination  of  the  cell, 
there  was  no  change  in  appearance  or  evidence  of  leakage  of  electrolyte. 

Charging  a  Fresh  Cell 

A  fresh  BR-yA  was  inserted  in  a  MONCM  unit  and  charged  at  the  lA  rate.  After 
20  minutes  of  charging,  the  current  passing  through  the  system  fell  to  10  mA . 
During  the  first  10  minutes  of  this  period  the  voltage  climbed  above  1  <Y  and  then 
dropped  to  a  steady  10V.  This  occurred  due  to  an  increase  in  impedance  in  the 
cell.  During  the  time  when  the  current  was  dropping,  the  temperature  of  the  a  11 
can  climbed  from  25°C  to  59°C.  The  temperature  decreased  throughout  the  remuituU  r 
of  the  test.  Figure  9  presents  the  data  for  this  test  .  There  were  no  explosions 


I * 
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or  ventings,  and  examination  of  the  cell  after  the  tost  shoved  no  < 
appearance  or  leakage  of  electrolyte. 

C 1 1 arg Ing  a  Disch argeri  C ell 

A  BR-^A  cell  was  discharged  at  a  constant  rate  of  500mA  tor  v>  i  i  :  <s  in 
a  MONCM  unit  through  a  612  resistor.  This  removed,  in  theory,  ';()»  of  •  : 

from  the  cell.  The  data  for  this  discharge  are  presented  on  tin-  Kit  hand  s  i  d, 
Figure  10.  The  temperature  of  the  cell  can  did  not  exceed  50°C  during  di  sc!.  .i 
The  current  fell  from  500mA  to  375mA  after  about  one-third  of  the  discharge  had 
been  completed.  The  cell  and  MONCM  unit  were  allowed  to  incub, at  «•  at  room 
temperature  for  seven  days  prior  to  charging. 

The  cell  was  to  be  charged  for  45  minutes  at  a  current  not  to  <•:«*<  ,  d  ;  he  I  •' 
rate,  with  the  voltage  limited  to  approximately  3V  to  simulate  cha rgitig  bv  anoti 
ceil.  The  current  measured  through  the  system  during  this  exp.  -  r  i  it  >  n  t  was  K  .... 
than  10mA.  No  external  changes  in  the  cell  were  observed  ei  :hi-r  during  or  ait,  : 
charging. 

Forced  Overdischarge  of  Two_Cel_ls 

Cell  number  one  was  forced  into  voltage  reversal,  using,  power  source,  at 
constant  current  rate  of  500mA.  Figure  11  presents  the  data  tor  this  test.  whK 
shows  that  the  cell  went  into  voltage  reversal  about  15  minutes  after  tin 
discharge  began.  The  cel  1  was  well  behaved  during  discharge,  with  the  t  eirper.it'.. 
of  the  cell  not  exceeding  57  C.  The  cell  did  not  vent  during,  discharge,  and 
afterwards  there  were  no  visible  signs  of  electrolyte  leakage  or  cell 
d i  s f  igura t.  i  on . 

A  second  cell  was  forced  into  voltage  reversal  in  the  same  rarin-r.  As 
presented  in  Figure  IF,  the  data  wore  essentially  the  saint  as  in  t hi  first 
t  xpe  r  i  merit  . 
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Both  cells  reached  temperatures  in  excess  of  179°C,  the  melting  point  of 
lithium,  before  venting.  Therefore,  the  cells,  as  well  as  the  units,  are  stable 
up  to  the  maximum  operating  temperature  range  specified  for  the  unit  (71  C)  and 
the  cell  (85°C). 
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CHAPTER  A 
CONCLUSIONS 


The  scenario  for  use  of  the  Mu'  i -Order  Gradie-nt.  No  i  se  -  Gance  1  1  i  tig  Microphone 
indicates  that  a  power  source  is  needed  that  will  continuously  supply  TV  for  12 
months.  The  temperature  operating  range  of  the  microphone  is  -aO  C  to  71  C. 

The  plastic  used  for  construction  of  the  microphone  is  dimensionally  stable  up 
to  121°C,  which  is  more  than  sufficient  to  meet  t he  temperature  specifications  of 
the  microphone.  The  temperature  range  for  operation  of  the  Panasonic  BR-^A  polv- 
carbonmonof  luor  i  de  cell  is  -AO  C  to  8r>°C,  which  meets  the  requirements  for  the 
battery.  Heated  cells  reached  temperatures  in  excess  of  1/9°C,  the  melting  point 
of  lithium,  before  ventings  occurred.  The  cells  were  further  heated  to  the  point 
of  incineration.  Mass  spect rometric  analysis  on  vent  ing  gas  samples .  performed  by 
the  National  Bureau  of  Standards,  indicated  that  the  venting  products  did  not 
contain  harmful  amounts  of  toxic  gases.  Incineration  products  could  not  be 
i  de  n  t  i  f  i  e  d  . 

The  MONCM  unit,  constructed  with  the  -87  cell  case,  containing  one  Panasonic 
BR-ttA  lithium  pol  v  -  carbonmonof  1  uor  i  de  cell  performed  well  under  all  abusive 
conditions  outlined  in  NAVSF.A  INSTRUCTION  q110.lA.  Therefore,  we  recommend  that 
the  MONCM  unit  configuration  reviewed  is  appropriately  safe  for  fleet  use-. 
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OF  TIME  FOR  A  BR-!a  HEATED  IN  HELIUM 


VOLTAGE  (VOLTS)  §  VOLTAGE  (VOLTS) 


VOLTAGE  l VOLTS ) 


600 


Vo  1 tage 


500  _ 


O 


Uj 


400  __ 


e 


8 


<c 

£  300 
CL 

5 

Lj 


CU 

CD 


§ 


200 


,  errce-otLi'‘e 


•6 


;  00 


10 


TIME  (MINUTES) 


FIGURE  6.  PLOT  OF  VOLTAGE  AND  TEMPERATURE  AS  FUNCTIONS 
OF  TIME  FOR  A  BR  -  A  HEATED  IN  OXYGEN 


C  0 


60 


2  0 


•  e  "H  k -  n j  ~  e 


40  O 

CL 


Lj 

CC 

2 

a: 

Cu 

CL 

5 

Cu 


,  co 
6  cu 
cc 

CU 

CL 

5 

„  <C 


t- 

2 

cu 

QC 

CC 

2 

o 


■  •  '-OUR 


.  0 


TIME  ' MINUTES) 


40 


FIGURE  7.  SHORT  CIRCUIT  DATA  FOR  FIRST  BR  VA  CELL  IN  MICROPHONE 
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Gl'RE  10.  DISCHARGE/CHARGE  DATA  FOR  BR-'a  CELL  IN  MICROPHONE 


4  P  f  i  fc?  R  k>*  .r’/  ,  >J  ** 

TIME  M'Nu'ES' 


EIGl'RE  1  1  DATA  K<  'R  FIRST  BR  ..A  'ELI.  F"KOK  VhHT  S ■  liAi-  .  !■  1  IN  Ml 


i. 


iC 


CURRENT  (MILLIAMPERES) 


VOLTAGE  (VOLTS) 


[emper,oUjr 


?  ;:R  4  k?  hB  B2  :  ??;*  >?.?.  140  160 

TIME  'MINUTES' 

FIGURE  12.  DATA  FUR  SECOND  BR-'a  CELL  FORCE  OVERDISCHARGED  IN  MICROPHONE 


y*-*  Lij 

•4r  r  rr 


h  * : .  rr  i 


i.a : a  y>  p  hkaiiv;  a  bk  a  '’k:  i.  ;\  m:  \ 


CURRENT  (AMPERES) 


VOLTAGE  (VOLTS) 


NSWC  TR  86-388 


Vnltaga / 


^  ?00 

...  K00 

_  500 

_  400 


300 

200 


l: 


0 


t 


0  5  i0  15  20  25  30  35  40  45 

TIME  (MINUTES) 


FIGURE  15.  DATA  FOR  HEATING  A  SECOND  BR-*A  CELL  IN  MICROPHONE 


TEMPERATURE  (°C) 


lYKjyyxvvvv vr.viv 


NSWC  TR  86-388 


DISTRIBUTION 


Commando r 

Naval  Sea  Systems  Command 
Attn:  6I.A  63R3 

63X3  (.1  .  Lascody) 

Si. A  9823 

6! -A  63321  iH.  Hotter) 

>i-6  09G32 
SEA  92  IAN 
Si  A  3  .  3 

Wash  i  ngt  on  .  DC  20362 
Commando  r 

Naval  Ocean  Systems  Center 
Attn:  Code  19  (CART  M.  Dorman) 

Code  922 

Code  712  ( J .  McCartney) 
San  Di ego ,  CA  92132 

Commando  r 

Naval  Weapons  Support  Center 


C  op  i  e  s 

Commander 

Naval  Weapons  Center 
Attn:  Code  38  <E.  Rovce  ) 

Code  38  33 

Code  3626  i.W.  Haight) 

China  Lake.  CA  97333 

Office  of  Naval  Research 
Attn:  ONR  672  (CA  Neoce) 

800  N.  Quincy  Street 
Arlington.  YA  22217 

Commando  r 

Naval  Intelligence  Support  Center 
Attn:  Code  362 

Washington,  DC  20390 

Office  of  Nn”V  Technology 

Associate  Director 

Attn:  Support  Technology  (072) 


Electrical  Power 

Sources  Division 

800  N.  Quincy  Street 

Attn:  Code  3036 

(S.  Shuler) 

1 

Ar 1 ingt  on , 

YA  22217 

Crane,  IN  67522- 

5030 

Chief  of  Naval  Operations 

Comrnande  r 

Operating  F. 

valuat  ion  Group 

Space  and  Naval 

Warfare  Systems 

Wash i ngt on , 

DC  20330 

Command 

Attn:  Code  PM El 

26-31  ( A .  Sohe 1 ) 

1 

Commando r 

Code  PME 

106-1 3B 

Naval  Air  D 

«  vt- 1  opme  n '  i  3  r. !  < 

(W.  McCabe) 

1 

Attn:  Li  hr 

,i  rv 

S  PAWAR  01K  ( A .  S 1 i wa ) 

1 

Warm) ns: <  r . 

PA  18“'. 

60736  (W. 

We i nga r t no  r ) 

1 

Washington,  DC  20363-3100 

De  1  t  nsf  Tt  r 

hn  i  ea  i  !  r.f  orn  .. '  ; 

(A  nt  t- r 

Commando r 

Came ron  S : .  i 

t  it'!: 

Na  va  <  [Tide  rwn  t  e  r 

Systems  Center 

A 1 exand r i a  , 

YA  .  1  .  ■ 

Attn:  Code-  816] 

(K.  La car ) 

0 

Code  8123 

(.1.  Moden) 

1. 

Library  ot 

''oiy  i'i  ss 

Newport  ,  R 1  0286 

Attn:  tut; 

and  E  .  us  <  '  3 

Wash  i  nr, t  on  , 

DC  .'0  . 

■  ' V.V.VA' 


S\W  \  OS*  ■  I 


NSWC  TR  86-388 


DISTRIBUTION  (Cont. .) 


Magna vox 
Department  529 
Attn:  Carl  Keuneke 

1313  Production  Road 
Fort  Wavne ,  IN  66808 


Gould  Incorporated 
Gould  Laboratories 
60  Gould  Center 
Rolling  Meadows,  II.  60000 


The  Aerospace  Corporation 
Attn:  H.  F.  Bittner 

MS/2  7  5 

P.  0.  Box  92957 

I.os  Angeles,  CA  90009 


Honevwel 1  Incorporated 
Power  Sources  Center 
Attn:  Library 

D.  Chua 
104  Rock  Road 
Horsham,  PA  19044 


The  Boeing  Company 
Attn:  A.  C.  Johnson 

P.  0.  Box  3707 
Seattle.  WA  98124 


To  1  edvno  F.  1  ec  t  ron  i  cs 
Attn:  G.  Lamb 

649  I.awerence  Drive 
N e wbu r v  P a  r  k ,  C A  9132 0 


Copies 


GTE  Laboratories  Incorporated 
Attn:  Library 

40  Sylvan  Road 
Waltham,  MA  02154 


Duracoll  U.  S.  A. 

At  in:  Glenn  Cruzo 
Keith  Mauter 

Technical  Sales  Marketing  Group 
Berkshire  Industrial  Park 
Bethel ,  CT  06801 


Power  Conversion.  Incorporated 

445  Boulevard 

Elmwood  Park,  NJ  On' 


Locktn  od  Palo  A  i  ;  o  Research 
I.abo  ra  t  orv 

Lockheed  Missiles  and  Space 
Com  pan  v  I  nco  r  pora <  d 
Attn:  Lihrarv 

3231  ILitlOVer  Street 
Pa  1  o  A  Ito,  CA  ''.’n  » 


Genera!  Electric  rorjrnr.' 

Attn:  R.  W.  Race 

Manager  A dvance  Progra: 
Market i ng 
Room  2  0  '»  tA-0P;;7 
100  Plastics  Avenue 
Pittsfield,  MA  U 1 2001 


Batterv  Engineering,  Inc. 
Attn:  N.  Marincic 

1636  Hvde  Park  Rd . 

Hvde  Park.  MA  02136 


GTE  Sylvnnia 
Attn:  R.  McDonald 

189  B  Street 

Needham  Hei  ght  s  ,  MA  1  ■  > 


Altus  Corporation 
1610  Crane  Court 
San  J ose  ,  CA  '•  ;  1  1 


Yardnev  F  i  ec  t r ; c 
Attn:  Lihrarv 

82  Mech  in  i  c  S :  r< 
i’awcatuck,  CT  u. 


F.agl  e  -  1’  i  che  r  i  nd'  ■  :  1 
Coup  1  es  Depa  1  t  i ]  i  !.t 
Attn:  Lihrarv 

Joplin.  MO  44801 


Advanced  Batterv  Gi 
Attn:  R.  Murphv 

269  Westwood  Street 
Lane  a  s  t  er  ,  NY  1  *  '86 


NSW'.  TR  8i>-  i 8 8 
DISTRIBUTION  Con;  .  • 


('op  i  is 


Rav -  0  -  Vac 

Attn:  R.  F.  Ido  1 1  1 

B.  C.  Berpum  1 

ID]  Hast  Washington  Street 
Madison,  WI  S3. ’03 

Naw  Knvi romrent al  Health  Center 
Attn:  J.  R.  Crawl,  Head  1 

Hart  a  rdous  Ma  t  e  r  i  a  1 
F.va  1  ua t  ion  Branch 
Naval  Station 
Norfolk,  YA  33311 

Spa  r  t  on  F.  1  f-c  t  ron  i  c  s 

Attn:  C.  H.  Bush  1 

3u00  Fast  Ganson  Street 
Jackson.  Ml  '.9303 

S a nde r  s  As  s oc i a t  e s 

Attn:  G .  Di sco  1 

M3  Canal  Street 
Nashua.  Nil  03061 

Sonat  ec.h  lncorpora t  ed 

Attn:  R.  Cvr  1 

879  Ward  Drive 

Santa  Barbara,  CA  93111-3930 

Naval  Liaison  In  it -Munich 
Attn;  Dr.  bewared  L.  R  ( i  i «.  •  1 

Artv.v  i’.<st  (Ml  ice 
New  V.tk,  NY  on  1  OS 

Sandia  National  Laboratories 

Attn:  S.  C,  Levy,  Division  3  33  3  1 

P.  0.  Box  3801) 

Albuquerque.  NM  8  '183 


In:  i  i  n. 
R  Ml 

R  3  3  i  F 
R  >  3  r  S 
R  ’  3  i  B. 
F.  1  i 
F.3  3  1 
H3  3  3 


ATR 

Attn:  Dr.  J.  I’arrv 

39  3  3  Sandv  Sprinj;  Rd. 
Burt  onsvi  1  1  e  ,  Ml)  30869 


1 


Yfrrt 


